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(57) ABSTRACT

A system for intraluminally delivering and deploying stents
and other prostheses includes an outer catheter, an inner
catheter movable axially relative to the outer catheter, and an
anchoring device mounted to a distal end region of the inner
catheter. The anchoring device includes one or more control
features that interact with a linking structure proximally
disposed on the prosthesis, preferably including one or more
loops. The control features and loops interact by surface
engagement to anchor the prosthesis relative to the inner
catheter in a nonfrictional manner, thus to maintain lower
axial prosthesis deployment and retraction forces. In one
version of the anchor, the control features extend radially
outward from a sleeve. In another version, the control
features are formed in respective recesses which also receive
the loops or other linking structure.
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PROSTHESIS ANCHORING AND DEPLOYING
DEVICE

BACKGROUND OF THE INVENTION

[0001] The present invention relates to systems for intralu-
minally delivering and deploying self-expanding stents and
other prostheses, and more particularly to such systems that
incorporate mechanisms for retrieving partially deployed
prostheses.

[0002] Stents, stent-grafts, and other body implantable
tubular devices are employed in a wide variety of applica-
tions to maintain the patency of body lumens and guide the
flow of blood and other body fluids through the lumens.
These devices are employed in vascular applications, e.g. in
pulmonary and thoracic vessels, and in arteries such as the
coronary, renal, carotid, and iliac arteries. In addition to
these vascular applications, the devices are used in the
esophagus, duodenum, biliary duct, and colon. These
devices may be either radially self-expanding or balloon-
expandable in character. When deployed within body
lumens, self-expanding devices radially expand into contact
with surrounding tissue, typically assuming a diameter less
than a fully expanded or relaxed state diameter. Conse-
quently, an internal elastic restoring force acts outwardly
against the tissue to assist in fixation of the device. Self-
expanding devices frequently are preferred, due to this
self-fixation capability.

[0003] Most applications employing radially self-expand-
ing devices require intraluminal delivery of the device in a
configuration suitable for delivery, i.e. radially compressed
to a reduced-radius state against its internal elastic restoring
force. To this end, prosthesis delivery systems frequently
include two catheters: an outer catheter releasably contain-
ing the radially compressed prosthesis in a lumen near its
distal end, and an inner catheter contained in the lumen,
positioned against or otherwise engaged with the prosthesis.
The prosthesis is deployed by moving the outer catheter
proximally while holding the inner catheter in place. This
effectively moves the inner catheter and the prosthesis
distally relative to the outer catheter, allowing the prosthesis
to radially self-expand as it emerges from the distal end of
the outer catheter.

[0004] In either event, there arises on occasion a need to
reverse the deployment. The need may arise from the
physician’s desire to reposition the prosthesis along the
intended treatment site. Once a substantial portion of the
prosthesis is free of the outer catheter, it may be moved in
the proximal direction. However, at this point it is virtually
impossible to move the prosthesis in the distal direction
without retracting it proximally, back into the outer catheter.
Accurate positioning of the prosthesis during deployment is
challenging, in that it usually requires fluoroscopic imaging,
and the difficulty is increased by the tendency of the many
self-expanding devices to axially shorten as they radially
self-expand. The need to retract a prosthesis can arise from
other factors, e.g. a realization during deployment that a
prosthesis of a different axial length or radius would be more
effective at the designated treatment site.

[0005] In many conventional deployment and delivery
systems, retraction of a partially deployed prosthesis is
virtually impossible. To provide a retractable prosthesis, an
inner catheter or other member can be surrounded by a high
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friction sleeve or gripping member as shown in U.S. Pat. No.
5,026,377 (Burton et al.), with the portion of an inner
catheter supporting the sleeve and surrounded by the pros-
thesis. When the outer catheter radially compresses the
prosthesis, it simultaneously presses the prosthesis into a
frictional engagement with the sleeve. Accordingly, when
the outer catheter is moved relative to the inner catheter, the
prosthesis tends to remain with the inner catheter rather than
following the outer catheter. A similar approach is shown in
U.S. Pat. No. 5,817,102 (Johnson et al.) in which an exterior
catheter radially compresses a stent into contact with a
restraining sleeve that surrounds an interior catheter.

[0006] While these arrangements permit proximal retrac-
tion of a partially deployed stent or other prosthesis, they
rely on a frictional engagement of the prosthesis with the
inner member, through the gripping member or restraining
sleeve. The force due to the frictional engagement must be
sufficient to overcome the tendency of the prosthesis to
move with the outer catheter as the outer catheter moves
relative to the inner member. This frictional force acts in the
axial direction, but requires a force acting in the radial
direction to urge the prosthesis against the gripping member.
The required radial force adds to the radial force already
exerted by the prosthesis against the outer catheter due to its
internal elastic restoring force, thus to increase the axial
pushing force required to overcome friction between the
prosthesis and outer catheter, and deploy the prosthesis.

[0007] Another factor inherent in this approach is the
reduction in the frictional holding force as prosthesis
deployment progresses, largely due to the diminishing por-
tion of the prosthesis length subject to the frictional hold. As
deployment progresses, the prosthesis becomes increasingly
easy to deploy. Conversely, when the prosthesis is being
pulled back into the catheter to reconstrain it, the recon-
strainment force increases as more and more of the pros-
thesis is pulled into the catheter. This tendency can be
counteracted by increasing the frictional holding force, but
this in turn increases the radial force required to overcome
the frictional hold, once again increasing the force required
for ordinary deployment.

[0008] Other arrangements involve axially tight or locking
engagements of prostheses with inner member coupling
structures. Examples of these arrangements are seen in U.S.
Pat. No. 6,350,278 (Lenker et al.) and U.S. Pat. No. 5,733,
325 (Robinson et al.). These systems permit prosthesis
retraction, but impose unduly stringent tolerances upon the
coupling structure. Further, they require close attention and
care on the part of the physician or other user when loading
a prosthesis into the system, to ensure that the required
coupling is achieved.

[0009] Therefore, the present invention is disclosed in
terms of several embodiments, each directed to at least one
of the following objects:

[0010] to provide a prosthesis deployment system with
the capability of retracting partially deployed prosthe-
ses, without any substantial increase in the axial forces
required to deploy the prostheses;

[0011] to provide a prosthesis deployment system that
permits retracting of the prosthesis at a later stage in its
deployment, in terms of the fraction of the prosthesis
axial length exposed, without degrading or losing
retraction capability;
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[0012] to provide a deployment device that has greater
stent retention capability if the need arises for with-
drawing a partially deployed stent;

[0013] to provide a deployment device capable of
retracting partially deployed device in which an open-
frame support structure is covered, e.g. as in stent-
grafts; and

[0014] to provide a prosthesis anchoring device suitable
for attachment to an inner catheter or other inner
member of a conventional prosthesis delivery and
deployment system to provide the capability of retract-
ing partially deployed prostheses.

SUMMARY OF THE INVENTION

[0015] To achieve these and other objects, there is pro-
vided a device for effecting an intraluminal delivery and
controlled deployment of a body implantable prosthesis. The
device includes an elongate prosthesis delivery member
having a distal wall segment adapted to contain a radially
self-expanding prosthesis in a reduced-radius delivery state
against an internal restoring force. A radially self-expanding
prosthesis is contained in the distal wall segment and
thereby maintained in the reduced-radius delivery state. The
prosthesis includes a linking structure near a proximal end of
the prosthesis. An elongate prosthesis control member is
mounted for axial travel relative to the delivery member,
toward and away from a delivery position in which a distal
end region of the control member extends along the distal
wall segment of the delivery member and is disposed
radially inwardly of the prosthesis. A control feature is
disposed along the distal end region of the control member
and extends radially outwardly from the control member
beyond a radial midpoint of the linking structure when in the
delivery position with the prosthesis so contained. Thus, the
control feature is positioned to allow limited distal travel of
the delivery member and prosthesis relative to the control
member, and to effect a substantially non-frictional surface
engagement with the linking structure upon said limited
distal travel, to anchor the prosthesis against further distal
travel relative to the control member.

[0016] The delivery member can comprise an outer cath-
eter with a lumen running substantially along its complete
length. The control member can comprise an elongate inner
catheter disposed in the outer catheter lumen. Preferably a
proximal region of the inner catheter extends beyond a
proximal end of the outer catheter, to facilitate the use of the
inner catheter proximal end to control the position of the
inner catheter distal region relative to the outer catheter. This
facilitates control of the prosthesis deployment from outside
the body.

[0017] If desired, the control member can be provided
with several control features, equally angularly spaced apart
from each other about the control member, for use with a
prosthesis in which the linking structure includes angularly
spaced apart loops or other linking members. A one-to-one
correspondence of control features and loops is workable,
but not required. In one embodiment, three control features
are used in conjunction with six loops formed at a proximal
end of the prosthesis.

[0018] In a preferred embodiment, a tubular sleeve sup-
ports a symmetrical arrangement of control features, and is
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sized to facilitate its slideable installation onto the distal end
region of the control member. The sleeve and control
features are formed as a unitary member, preferably more
rigid than the control member to provide more positive
control over the prosthesis through engagement of the
control features with the loops or other linking members.
The control features can be surrounded by substantially
closed loops of a prosthesis linking structure, in which case
the features can control both proximal and distal prosthesis
movement.

[0019] One aspect of the present invention is that the
control feature outer ends define a control feature diameter
less end than an inside diameter of the delivery member
distal wall segment. At the same time, the radial spacing in
between the control features and distal wall segment is less
than half of a radial thickness dimension of the prosthesis
linking structure. Consequently, the control member and
control features are slideable relative to the delivery member
with no frictional drag.

[0020] Yet, the control feature outer ends are sufficiently
close to the distal wall section to prevent the linking struc-
ture or another part of the prosthesis from wedging into the
space between the control features and distal wall segment.

[0021] A salient feature of the present invention is that the
control member is operable to move the prosthesis proxi-
mally relative to the delivery device—or alternatively, to
maintain the prosthesis substantially stationary while the
delivery device is moved distally relative to the control
member—through a surface engagement of each control
feature with the prosthesis linking structure. The control
features apply axial forces to the linking structure. Unlike
the frictional prosthesis retraction systems discussed above,
there is no need for frictional control of the prosthesis, and
accordingly, no need for the additive radial force that
undesirably increases the axial force required to deploy the
prosthesis. Further, because the axial forces in the present
system do not depend on friction, they do not diminish as
prosthesis deployment progresses. As a result, the prosthesis
can be fully retracted from a stage close to complete
deployment, e.g. with up to ninety-five percent of its length
positioned distally of the delivery device.

[0022] Another aspect of the present invention is a pros-
thesis delivery and deployment device. The device includes
an elongate prosthesis delivery member having a distal wall
segment adapted to contain a radially self-expanding pros-
thesis in a reduced-radius delivery state against an internal
restoring force. An elongate control member is mounted for
axial travel relative to the delivery member, toward and
away from a delivery position in which a distal end region
of the control member extends along the distal wall segment
of the delivery member. A prosthesis anchor is mounted to
the distal end region and comprises at least one elongate
axially directed control feature extending radially outwardly
from the control member. The control feature thereby is
positioned to effect a releasable engagement with a proxi-
mal-end linking structure of a radially self-expanding pros-
thesis when in the delivery position and with the prosthesis
so contained. The anchor, when in said engagement with the
linking structure, is operable to anchor the prosthesis against
distal travel relative to the control member.

[0023] Preferably, the anchor comprises a plurality of the
elongate axially directed control features positioned to
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engage the linking structure. Then, the linking structure
preferably includes a plurality of elongate axially directed
loops, each associated with a different one of the control
features. The anchor further can include a cylindrical
anchoring body with a centrally located axial opening
adapted to receive the control member and facilitate and
mounting of the anchor in surrounding relation to the control
member. The anchor advantageously can be more rigid than
the control member, to provide a more positive engagement
with its associated loop.

[0024] In one preferred version, the anchoring body has a
recess directed inwardly from an outside surface of the
anchoring body and adapted to receive a loop or other
proximal-end linking structure of the prosthesis. The asso-
ciated control feature is disposed in the recess, to be sur-
rounded by the loop when the loop is received into the
recess. In this version, the depth of the recess exceeds the
radial thickness of the loop, so that the complete loop may
be radially inwardly disposed relative to the outside surface.

[0025] A further aspect of the present invention is a
prosthesis anchoring device adapted for fixation to a pros-
thesis deployment member. The device includes a generally
cylindrical anchoring sleeve having a central opening
extending axially therethrough to facilitate a slideable instal-
lation of the anchoring sleeve onto an elongate prosthesis
deployment member for fixation along a distal end region of
the deployment member. A control feature extends radially
outwardly from the anchoring sleeve and is adapted to
extend radially into a proximal-end linking structure of a
radially self-expanding prosthesis when the prosthesis is
maintained in a reduced-radius state against an internal
restoring force and selectively axially aligned with the distal
end region. The control feature, with the anchoring sleeve
fixed to a deployment member and when so extending into
a proximal-end linking structure of a radially self-expanding
prosthesis so maintained and aligned, is adapted to engage
the linking structure to prevent any substantial distal move-
ment of the prosthesis relative to the deployment member.

[0026] Preferably, the control feature is elongate, directed
axially, and adapted to extend into a prosthesis proximal-end
linking structure taking the form of an elongate, axially
extended loop. When surrounded by the loop, the control
feature prevents any substantial distal movement of the loop
relative to the anchoring body. In a more preferred version
of the device, a plurality of the elongate control features are
angularly spaced apart from one another about the anchoring
body.

[0027] In another version of this device, the anchoring
body includes a recess receding radially inwardly from its
outside surface to receive the linking structure. The control
feature is disposed within the recess. Typically, the depth of
the recess exceeds the thickness of the linking structure. In
systems that employ an outer catheter or other delivery
device with a distal wall section designed to maintain a
radially self-expandable prosthesis in a reduced-radius
delivery state, the anchoring body can be dimensioned for a
close fit within the distal wall section. As a result, the distal
wall segment cooperates with the walls of the recess to
capture the linking structure within the recess, while per-
mitting the anchoring body to slide axially along the distal
wall section.

[0028] To provide a more secure retention of the linking
structure, the recess can be formed with a size and shape
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corresponding to that of the linking structure. For example,
if the linking structure comprises an elongate linking strand
formed into a loop, the recess can have a perimeter that
closely corresponds to a perimeter of the loop. The control
feature disposed in the recess is surrounded by the loop
when the loop is retained in the recess. When surrounded by
the loop, the control feature prevents any substantial distal
movement of the loop relative to the anchoring body. As a
result, the deployment member is operable through the
anchoring body to deploy and retract the prosthesis.

[0029] In short, an anchoring body formed according to
the present invention, with a central aperture sized according
to a conventional prosthesis deployment catheter and with
one or more control features sized according to the corre-
sponding loops or other linking structure of a selected
prosthesis, can considerably improve the prosthesis retrac-
tion capability of a prosthesis delivery and deployment
system, without increasing the axial force required for
deployment.

[0030] Several additional features enhance deployment
system performance, regardless of whether the control fea-
tures are recessed. For example, when the anchoring device
is provided as a unitary structure including a cylindrical
anchoring body and outwardly protruding control features,
the device may be attached to a conventional inner catheter
or other control member, fixed to the inner catheter at a
location selected in accordance with the compressed length
of the prosthesis to be deployed. Further, a relatively hard
anchoring device can be fixed to a softer, more compliant
inner catheter or control member, providing the capacity to
negotiate serpentine internal passageways, while at the same
time providing more positive control over the prosthesis
through the relatively rigid control features.

[0031] Another useful feature arises from the provision of
elongate control features and their axial orientation along the
control member. This aligns the major dimension of each
control feature with the direction of the forces applied
through the control feature to the prosthesis, to overcome its
tendency to follow the outer catheter or other prosthesis
delivery member. As a result, the control features are more
stable and less prone to unwanted flexure. The elongate
axially directed features, as compared to pins or other
features with circular cross sections, are better suited to limit
twisting of the prosthesis relative to the control member. At
the same time, the control features can have transverse
widths selected to allow limited prosthesis rotation.

[0032] Yet another advantage arises from the positioning
of each control feature to allow limited distal travel of the
delivery member and prosthesis before the prosthesis
engages the linking structure, and then to effect non-fric-
tional surface engagement with the linking structure respon-
sive to the limited distal travel. As compared to previous
deployment systems with interlocks designed to prevent any
axial movement of a prosthesis relative to an inner catheter
or other control member, the novel coupling of the control
feature and linking structure can be manufactured under
tolerances that are less stringent. Further, loading the pros-
thesis into an outer catheter or other delivery member, while
maintaining a prosthesis radially compressed and coupled to
the control member through the control features, is much
easier.
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[0033] Yet another aspect of the present invention is a
process for loading a radially self-expanding prosthesis for
subsequent deployment in a body lumen, comprising the
following steps:

[0034] a. positioning a radially self-expanding prosthe-
sis along and in surrounding relation to a distal end
region of an elongate prosthesis control member with a
proximal end linking structure of the prosthesis dis-
posed near axially spaced apart first and second fea-
tures that extend radially outwardly from the control
member;

[0035] b. with the prosthesis so positioned, radially
contracting the prosthesis to a reduced-radius delivery
state against an internal elastic restoring force, to move
the linking structure into a delivery position between
the first and second features, whereby the first and
second features cooperate to limit axial travel of the
prosthesis relative to the control member to a prede-
termined range so long as the prosthesis remains in the
delivery state; and

[0036] c. selecting an axial dimension of the linking
structure with respect to an axial spacing between the
first and second features whereby the predetermined
range is at least twice the axial dimension of the linking
structure.

[0037] Thus in accordance with the present invention,
systems for intraluminally deploying radially self-expanding
stents, stent-grafts and other implantable devices may be
used to retract and withdraw such devices, even when
deployment is near completion. There is no need for fric-
tional retention of the device, and no resulting increase in
axial force required for deployment. With the devices nearly
deployed, yet retractable, physicians can evaluate prosthesis
length, radius, placement relative to the treatment site, and
other factors with more certainty as a basis for making
critical decisions.

IN THE DRAWINGS

[0038] For a further understanding of the above and other
features and advantages, reference is made to the following
detailed description and to the drawings, in which:

[0039] FIG. 1 is a partial side elevation of a stent delivery
and deployment system constructed in accordance with the
present invention;

[0040] FIG. 2 is a side elevation of a radially self-
expanding stent deployable with the system of FIG. 1;

[0041] FIG. 3 is a forward elevation of a stent anchoring
device employed in the system of FIG. 1;

[0042] FIG. 4 is a perspective view of the anchoring
device;

[0043] FIG. 5 is a sectional view taken along the line 5-5
in FIG. 1;
[0044] FIG. 6 is a schematic top view of a control feature

of the anchoring device, surrounded by a loop of the stent;

[0045] FIG. 7 is a schematic side view, partially in sec-
tion, of the control feature and loop;

[0046] FIGS. 8-11 schematically illustrate use of the
system to deploy the stent;
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[0047] FIG. 12 is a schematic view similar to that in FIG.
7, showing an alternative embodiment anchoring device;

[0048] FIG. 13 is a schematic view illustrating another
alternative embodiment anchoring device;

[0049] FIG. 14 is a partial side elevation of an alternative
embodiment stent delivery and deployment system con-
structed according to the present invention;

[0050] FIG. 15 is a forward elevation of a stent anchoring
device employed in the system of FIG. 14;

[0051]
device;

FIG. 16 is a perspective view of the anchoring

[0052] FIG. 17 is a top view illustrating a loop of a
radially self-expanding stent disposed in a recess of the
anchoring device;

[0053] FIG. 18 is a forward elevation, partly in section, of
the loop in the recess;

[0054] FIG. 19 is a forward elevation of an alternative
embodiment stent anchoring device; and

[0055] FIG. 20 is a top view illustrating another alterna-
tive embodiment anchoring device and stent linking mem-
ber.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0056] Turning now to the drawings, there is shown in
FIG. 1 a system 16 for intraluminally delivering and deploy-
ing a radially self-expanding stent, stent-graft, or other
prosthesis. System 16 includes an elongate and pliable outer
catheter 18 constructed of a biocompatible material such as
polypropylene, FEP, HDPE, PTFE, or PET. A central lumen
20 runs the length of catheter 18. The tubular wall of catheter
18 includes a distal wall segment 22 containing a radially
self-expanding stent 24. With reference to FIG. 2, stent 24
preferably is of open weave or mesh construction formed of
multiple helically wound and braided filaments or strands 26
of'a flexible material such as body compatible stainless steel.
Other suitable materials include shape memory alloys such
as Nitinol, or biocompatible polymers. Other filament con-
figurations may be employed, including non-braided and
non-helical configurations. Stent 24 is shown in a free or
relaxed state, i.e. the state assumed by the stent when subject
to no external force. Returning to FIG. 1, catheter 18
radially compresses stent 24, acting against an internal
elastic restoring force of the stent to maintain the stent in an
axially elongated, reduced-radius delivery state.

[0057] An elongate and pliable inner member or catheter
28 extends along a length of the outer catheter, contained in
lumen 20. When system 16 is configured for stent delivery
as shown in FIG. 1, a distal region 30 of inner catheter 28
is surrounded by the stent. Inner catheter 28 is movable
axially relative to outer catheter 18. A proximal region 32 of
the inner catheter extends proximally beyond a proximal end
34 of outer catheter 18, and is operable to control the axial
position of distal region 30 relative to distal wall segment 22
of the outer catheter. Inner catheter 28 has an axially
extending lumen 36 to accommodate a guidewire 38.

[0058] An anchoring device 40 is fixed in surrounding
relation to inner catheter 28, near a proximal end of distal
region 32. As is later explained, device 40 is operable to
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anchor stent 24 with respect to inner catheter 28, enabling
use of the inner catheter to retract and recover a partially
deployed stent.

[0059] A thrust member 42 is fixed in surrounding relation
to inner catheter 28, proximally spaced apart from anchoring
device 40. Inner catheter 28 is movable distally relative to
outer catheter 18 to position thrust member 42 against the
proximal end of stent 24, whereupon further distal travel of
the inner catheter moves the stent distally relative to the
outer catheter.

[0060] Inner catheter 28 is movable proximally relative to
outer catheter 18 to bring anchoring device 40 into a surface
engagement with stent 24. Alternatively, the inner catheter is
movable distally to bring thrust member 42 into to surface
contact with the stent. Thus, the inner catheter acts as a
control member, to selectively control the position of stent
24 relative to the outer catheter.

[0061] As seen in FIG. 2, stent 24 has a proximal end 44
at which strands 26 are formed into a plurality of elongate
loops 46. At a distal end 48 of the stent, the strands are
formed into a plurality of bends 50. In this version, twenty-
four helical windings, twelve in each of two opposite
directions, form twelve of the distal end bends 50, and six
proximal end loops 46. Loops 46 are equally angularly
spaced apart about the stent periphery or circumference, in
increments of sixty degrees from each loop to each adjacent
loop. The optimal numbers of strands, loops and bends can
differ, depending on the strand material and the procedure
involved. The oppositely directed strands form multiple
intersections or crossing points 52. The stent is shown in its
relaxed state, when subject to no external stress.

[0062] Stent 24 is radially compressible, against an inter-
nal elastic restoring force, to an axially-elongated, reduced-
radius delivery state. As seen in FIG. 1, distal wall segment
22 of the outer catheter provides the external force necessary
to maintain stent 24 in the reduced-radius state, thus to
facilitate the intraluminal delivery of the stent to the
intended treatment site. When contained in this fashion,
stent 24 exerts a radially outward force against distal wall
segment 22 as a counter to the external force. This creates a
frictional engagement of the stent and outer catheter,
whereby the stent tends to follow proximal and distal
movements of the outer catheter. Stent 24 is deployed
through proximal movement of catheter 18 relative to inner
catheter 28, with the inner catheter applying an axial (distal)
force against the stent sufficient to overcome friction
between the stent and outer catheter. This prevents the stent
from moving proximally with the outer catheter. When free
of outer catheter 18, stent 24 radially self-expands toward
the relaxed state shown in FIG. 2.

[0063] In system 16, stent 24 closely surrounds but is not
necessarily in contact with inner catheter 28. In contrast, in
deployment systems that provide retraction through a fric-
tional hold on the stent or other prosthesis, such contact not
only is present, but must be maintained by exerting a radially
inward force urging a stent against an inner catheter (or a
sleeve or other gripping member along the inner catheter), to
create a frictional hold that exceeds the frictional hold
between the stent and the outer catheter. Thus, frictional
systems provide for stent retraction, but at a cost: namely, a
considerable increase in the axial force delivered by the
inner catheter to deploy the stent. This is because the axial
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force must overcome not only the friction from the afore-
mentioned restoring force of the stent, but the additional
friction due to the additional radial force needed to press the
stent against the inner catheter or gripping member. System
16, by providing an essentially non-frictional engagement of
stent 24 with inner catheter 28, provides for stent retraction
without increasing the axial force needed to deploy the stent.

[0064] As seen in FIG. 1, when stent 24 is radially
compressed in the delivery state, it is releasably coupled to
inner catheter 28 through anchoring device 40. With refer-
ence to FIG. 3, anchoring device 40 is symmetrical about a
longitudinal axis. A central opening 54 extends through the
device, and has a diameter slightly larger than the outside
diameter of inner catheter 28 at least along the distal region.
This provides a slideable fit, to facilitate installation of the
anchoring device onto the inner catheter, where the device
can be fixed at its intended location by an adhesive, thermal
processing, ultrasonic welding or other suitable approach.
Anchoring device 40 includes a longitudinally extending
sleeve 56. Three splines or fins 58 extend longitudinally
along sleeve 56 and radially outward from the sleeve, to
respective radially outward ends 60.

[0065] Anchoring device 40 preferably is a unitary mem-
ber, formed of a polymer such as ABS, polycarbonate, or
nylon 12. Thus, it can be harder or more rigid than inner
catheter 28 and outer catheter 18. As a result, the anchoring
device when engaged with stent 24 through loops 46 can
more positively anchor and otherwise control the position of
the stent.

[0066] The nature of the coupling between anchoring
device 40 and stent 24 is best understood with reference to
FIGS. 5-7. As best seen in FIG. 5, each of fins 58 extends
through one of loops 46, to a point beyond its associated
loop and just inside of distal wall segment 22. Preferably, an
outer diameter defined by outward ends 60 is less than the
inside diameter of the distal wall segment by an amount less
than the radial thickness of loops 46, i.e. the diameter of
strands 26. The result is that in a coaxial arrangement, the
radial spacing between each end 60 and the distal wall
segment is less than one-half the strand diameter. This
arrangement ensures a positive retention of each loop about
its associated fin.

[0067] In a satisfactory but less preferred arrangement,
each fin extends radially to position its outer end beyond a
radial midpoint of its associated loop, i.e. beyond the geo-
metric center of strand 26 as indicated by the broken line at
62.

[0068] In FIG. 5, loops 46 are shown spaced apart
inwardly from the distal wall segment. This is partly for
convenience in illustrating the positional relationship
between each fin and its associated loop. Further, at least a
portion of each loop is spaced apart from the distal wall
segment, by virtue of the fact that the profile of each loop as
viewed in FIG. 5 extends as a chord in relation to the
circular profile of wall segment 22. Finally, this figure
illustrates that there need not be a one-to-one correspon-
dence of fins to loops, although it is preferable to have a
symmetrical arrangement in which the number of loops is an
integral multiple of the number of fins, as shown.

[0069] FIGS. 6 and 7 illustrate one of loops 46 surround-
ing its associated fin 58. As shown in FIG. 6, fin 58 has a
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transverse width less than the corresponding interior width
of'loop 46. Alternatively, fin 58 can be tapered, with a width
that increases in the radially inward direction, so that the
loop tends to engage the opposite sides of the fin as it is
placed onto the fin. In either event, fin 58 is positioned for
limited axial travel within the associated loop. When outer
catheter 18 is moved distally relative to inner catheter 28,
loop 46 follows the outer catheter and moves distally (to the
left as viewed in FIGS. 6 and 7) until a proximal end surface
64 of the fin engages a proximal inside surface 66 of loop 46.
The remaining two fins similarly engage proximal inside
surfaces of their associated loops. Once the loops and fins
are engaged, device 40 functions as an anchor that prevents
further distal movement of stent 24, despite further distal
travel of the outer catheter. The proximal end surfaces of fins
58 extend radially, so that together they occupy a plane
perpendicular to the axial direction. This promotes the
anchoring function, particularly when the strand forming
loop 46 has a circular profile or cross section.

[0070] Tt is preferred to couple fin 58 and loop 46 as
shown, to allow limited relative axial travel. As an alterna-
tive, the fin and loop could be configured to form a close or
tight coupling that would virtually prevent relative axial
movement of the stent and inner catheter. The looser, more
flexible coupling has several advantages. The loops and fins
can be formed under less demanding tolerances. Further,
with the more flexible coupling it is much easier for the
physician to load stent 24 into outer catheter 18 while
maintaining the stent position relative to inner catheter 28.

[0071] As perhaps best seen in FIG. 6, loops 46 and fins
58 are elongate in the axial direction. Thus, the major
dimension of the fin coincides with the direction of forces
applied to the loop through the fin. Further, fin 58 cooperates
with the opposite axially extending sides of loop 46 to
provide a more stable coupling of the loop and fin that not
only limits relative axial travel, but also resists twisting of
the stent relative to the inner catheter, even when allowing
limited relative rotation to provide the advantages of less
stringent tolerances and ease of stent loading.

[0072] Preferably a distance D between end surface 64 of
the fin and an end surface 68 of the thrust member is selected
in conjunction with a diameter d of strand 26 forming the
loop, to determine a range of axial travel of stent 24 relative
to inner catheter 28. In exemplary embodiments, distance D
is from 1 mm to 2 mm and diameter d is 0.3 mm. The
resulting range of axial travel is 0.7 mm to 1.7 mm, or in
terms of the ratio D/d, is from 3.3 to 6.7. Advantageously,
the ratio D/d is at least about 2.

[0073] Further, an axial length L, of the interior of loop 46
exceeds an axial length L, of fin 58 sufficiently to permit the
required freedom of axial movement of the fin within the
loop. For example, L., can be 5.5 mm, with [, being 3-4 mm.
To allow limited rotation or transverse movement of the
prosthesis relative to the inner catheter, an internal trans-
verse width W, of loop 46 exceeds a transverse width W, of
the fin. More specifically, W, can be 1.5 mm and W, can be
0.3 mm. Advantageously, W, is at least about twice W,.

[0074] The use of anchoring device 40 to control stent
deployment is illustrated in FIGS. 8-11. In FIG. 8, stent 24
surrounds the distal region of inner catheter 28, radially
compressed in the reduced-radius delivery state by outer
catheter 18. Typically, stent 24 is loaded into this position
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first by placing the stent in its relaxed state around the distal
end region of the inner catheter, with loops 46 axially
aligned with anchoring device 40. Then stent 24, at least
along its proximal end near the loops, is elongated axially
and radially reduced sufficiently to bring three of the loops
about the three fins. The inner catheter and stent are moved
proximally into the outer catheter, until the distal wall
segment completely surrounds the stent, as shown in FIG. 8.
At this point, system 16 is inserted into the body and moved
distally along a vessel or other body lumen, until the distal
ends of the catheters are positioned near the intended
treatment site. The catheters are moved distally over a
previously positioned guidewire, not shown.

[0075] At this stage, the user controls the proximal ends of
the catheters, holding inner catheter 28 substantially station-
ary while proximally withdrawing outer catheter 18. Thrust
member 42 engages stent 24 to prevent further proximal
movement of the stent, in effect moving the stent distally
relative to the outer catheter. As the stent emerges from the
distal end of the outer catheter, it radially self-expands
toward its relaxed state, as seen in FIG. 9. The arrow
indicates proximal movement of the outer catheter.

[0076] As depicted in FIG. 10, outer catheter 18 is moved
proximally a sufficient distance to nearly complete the
deployment of stent 24. Over at least about half of its length,
the stent has radially expanded into contact with surrounding
tissue (not shown) at the treatment site. The arrow indicates
that at this stage, outer catheter 18 may be moved in either
axial direction, depending on the physician’s determination
of factors critical to the implantation procedure; e.g. whether
the stent is properly positioned, and whether the stent has a
diameter and axial length appropriate for the procedure. In
practice, stent 24 may remain retractable with up to ninety-
five percent of its length disposed distally of outer catheter
18.

[0077] 1If the stent is properly positioned, and the earlier
determinations as to stent size are confirmed, outer catheter
18 is moved further in the proximal direction, to completely
release stent 24 for full radial expansion into contact with
surrounding tissue, as indicated in FIG. 11. At this point,
catheters 18 and 28 are withdrawn.

[0078] Conversely, if stent 24 needs to be repositioned or
replaced, outer catheter 18 is moved distally to recompress
and recapture the stent, restoring the configuration shown in
FIG. 8. Then, catheters 18 and 28 are moved in concert to
reposition the stent, or are withdrawn to allow substitution
of another stent.

[0079] Several advantages of system 16, as compared to
retraction devices that rely on friction, can be appreciated in
conjunction with FIGS. 8-11. The first of these is lower axial
deployment force. Anchoring device 40, unlike friction-
based devices, adds nothing to the axial force needed to
maintain inner catheter 28 and stent 24 in place while
proximally withdrawing outer catheter 18. Likewise, this
approach adds nothing to the axial force needed to retract a
partially deployed stent.

[0080] Moreover, the coupling of stent 24 to inner catheter
28 through the anchoring device provides substantially the
same anchoring force, regardless of the extent of stent
deployment. Unlike friction-based systems, the amount of
axial holding force available to retract the stent does not
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diminish as deployment progresses. Thus, the physician can
deploy stent 24 to a point of near completion as indicated in
FIG. 10, confident that anchoring device 40 remains capable
of retracting the stent if necessary. More accurate determi-
nations relating to stent placement and size can be made with
stent 24 at a stage close to full stage deployment as in FIG.
10. As compared to the partial deployment stage indicated in
FIG. 9, or conventional designs that allow only partial
deployment, the configuration in FIG. 10 provides a better
basis for making critical decisions regarding stent size and
placement.

[0081] FIG. 12 illustrates part of an alternate embodiment
anchoring device 70 including a sleeve 72 and a plurality of
pins extended radially away from the sleeve, one of which
is shown at 74. When stent 24 is constrained to the reduced-
radius state, pin 74 extends through one of loops 46 or an
opening in the stent lattice structure in the same manner as
fin 58, while permitting a wider latitude of axial movement
of the loop relative to the anchoring device. This approach
may be more suitable to a prosthesis that has less columnar
strength.

[0082] FIG. 13 shows a portion of another alternative
anchoring device 76 in which several fins, one of which is
shown at 78, extend radially away from a sleeve 80. A
proximal end surface 82 of the fin is concave in the proximal
direction. Consequently, when stent 24 is moved distally
relative to the anchoring device, fins 78 function as hooks to
more positively capture their associated loops. The captur-
ing function can be achieved through other profiles in end
surface 82, e.g. profiles with notches, slots, and other
suitable depressions or concavities. As a further alternative,
end surface 82 can be inclined proximally as it extends
radially outward to capture the associated loop.

[0083] FIG. 14 illustrates a distal portion of an alternative
embodiment prosthesis delivery and deployment system 84,
including an outer catheter 86, an inner catheter 88 con-
tained in a lumen 90 of the outer catheter for axial travel
relative to the outer catheter, and a radially self-expanding
stent 92 contained in a reduced-radius state along a distal
wall segment of the outer catheter. A cylindrical anchoring
device 94 is secured to the inner catheter, and is releasably
engaged with a loop 96 at the proximal end of stent 92. In
lieu of a thrust member (e.g. 42), catheter 88 is formed with
a shoulder 93 to provide the thrust member or feature.

[0084] As seen in FIGS. 15 and 16, anchoring device 94
includes a cylindrical body 96, with an opening 98 extending
axially through the body to facilitate installation and mount-
ing of the anchoring device along a distal end region of inner
catheter 88. Anchoring device 94 is shaped to provide a
control feature, specifically a medial feature 100, that inter-
acts with a loop 102 of stent 92 in much the same manner
as fin 58 interacts with loop 46. However, body 96 further
is shaped to provide a recess 104 directed radially inwardly
from an annular outside surface 106 of the body. Medial
feature 100 extends radially outwardly from an inside cen-
tral portion of the recess, in effect forming axially directed
grooves or recess segments 108 and 110 between feature 100
and side features 112 and 114, respectively.

[0085] FIGS. 17 and 18 illustrate loop 102 retained
releasably within the recess. A strand 116 forming the loop
includes spaced apart longitudinal sections 118 and 120,
retained respectively in grooves 108 and 110. The outside
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diameter of body 96 is less than an inside diameter of
catheter 86 along the distal wall segment, to enable the
anchoring member to slide relative to the outer catheter.
Also, the difference between the body diameter and the
inside diameter of the distal wall segment is less than the
diameter of strand 116, to ensure that loop 102 is positively
retained in recess 104, so long as the proximal portion of the
prosthesis near loop 102 remains radially compressed.

[0086] FIG. 19 illustrates an alternative embodiment
anchoring member 122, with recesses 124 and medial fea-
tures 126 formed along opposite sides of a cylindrical body
128. Device 122 can be used with the single-loop stent
shown in FIG. 14, or with a stent having two opposed
proximal end loops. Thus, the number of recess/medial
feature combinations can exceed the number of loops, but
must at least equal the number of loops to accommodate all
loops, due to the close spacing between body 128 and the
outer catheter.

[0087] In anchoring device 94, medial feature 100 and
loop 102 form a coupling that is asymmetrical, in the sense
that the axial force does not act through a central axis of the
anchoring device. Nonetheless, the narrow spacing between
outside surface 106 and the inside surface of outer catheter
86 facilitates a smooth sliding movement of inner catheter
88 within the outer catheter. In contrast, anchoring member
122 provides a symmetrical arrangement with a more bal-
anced application of axial forces. In either arrangement, the
number of recesses can be equal to, or an integral multiple
of, the number of loops.

[0088] An advantage of anchoring devices 94 and 122, as
compared to anchoring devices without recesses, is that they
can more easily accommodate covered devices such as
stent-grafts. This is because medial features 100 and 126 do
not extend beyond the outer surfaces of their respective
anchoring bodies, and thus do not interfere with a graft or
other covering surrounding the stent.

[0089] FIG. 20 illustrates another alternative embodiment
anchoring device 130 with a cylindrical anchoring body 132
and a recess 134 directed radially inwardly from an annular
outside surface 136 of the body. A filament or strand 138 of
a stent (not fully shown) is shaped into a loop or other
linking member 140 at the proximal end of the stent. Recess
134 has a shape corresponding to the profile of loop 140,
with a radially oriented recess wall that substantially sur-
rounds the loop. The recess wall functions as the control
feature, Consequently, so long as the stent is maintained in
a reduced-radius state, anchoring device 130, through sur-
face engagement with loop 140, can anchor the stent alter-
natively against proximal and distal movement relative to
anchoring device 130 and its associated inner catheter.

[0090] While loop 140 provides a convenient proximal
end linking member of a stent, it is apparent from FIG. 20
that a bend, twist, or other enlargement formed in strand 138
can provide a suitable surface engagement with body 132
when captured within recess 134. Further, strand 138 may
include adjacent portions twisted together, yet terminating in
a loop similar to loop 140. Looped ends are generally
favored, due to their atraumatic character. As with previous
embodiments, the stent linking structure can consist of a
single loop or other linking member, or a plurality of linking
loops or members arranged angularly about the stent.

[0091] Thus in accordance with the present invention,
stents and other prostheses of the radially self-expanding
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type are deployable at relatively low levels of axial force,
and further are retrievable at multiple stages of deployment.
Inner catheters or other inner members are provided with
anchoring devices that have radially extending fins, recesses,
or other features designed to interact with loops or other
proximal-end linking members of prostheses, to anchor the
prostheses through surface-to-surface engagement rather
than friction, thus to provide more positive anchoring with-
out the need for any additional axial force for prosthesis
deployment or retraction.

What is claimed is:

1. A device for effecting an intraluminal delivery and
controlled deployment of a body implantable prosthesis,
including:

an elongate prosthesis delivery member having a distal
wall segment adapted to contain a radially self-expand-
ing prosthesis in a reduced-radius delivery state against
an internal restoring force;

aradially self-expanding prosthesis contained in the distal
wall segment and thereby maintained in the reduced-
radius delivery state, said prosthesis including a linking
structure near a proximal end of the prosthesis;

an elongate prosthesis control member mounted for axial
travel relative to the delivery member, toward and away
from a delivery position in which a distal end region of
the control member extends along the distal wall seg-
ment of the delivery member and is disposed radially
inwardly of the prosthesis;

a control feature disposed along the distal end region of
the control member and extending radially outwardly
from the control member beyond a radial midpoint of
the linking structure when in the delivery position with
the prosthesis so contained, thereby being positioned to
allow limited distal travel of the delivery member and
prosthesis relative to the control member, and to effect
a substantially non-frictional surface engagement with
the linking structure upon said distal travel, to anchor
the prosthesis against further distal travel relative to the
control member.

2. The device of claim 1 wherein:

the distal end region is surrounded by the prosthesis when
in said delivery position.
3. The device of claim 1 wherein:

the delivery member comprises an elongate outer catheter
having a lumen running substantially the entire length
of the outer catheter.

4. The device of claim 3 wherein:

the control member comprises an elongate inner catheter
disposed in said lumen, wherein a proximal region of
the inner catheter extends proximally beyond a proxi-
mal end of the outer catheter to facilitate use of the
proximal region to control a position of the distal
region relative to the outer catheter.

5. The device of claim 1 wherein:

the control feature comprises a plurality of control fea-
tures angularly spaced apart from one another about the
control member distal region.
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6. The device of claim 5 wherein:

said control features have proximal end surfaces aligned
in a plane substantially normal to the axial direction.
7. The device of claim 5 wherein:

a proximal end surface of each of the control features is
aligned with respect to the control member to define an
angle, relative to the axial direction, other than 90
degrees.

8. The device of claim 5 wherein:

each of the control features has a proximal end surface
including a concavity in the proximal direction.
9. The device of claim 5 further including:

a sleeve supporting said control features and mounted in
surrounding relation to the control member along the
distal end region.

10. The device of claim 9 wherein:

said sleeve and control features are formed as a unitary
member.
11. The device of claim 1 further including:

a thrust feature disposed along the control member,
spaced apart proximally from the control feature, and
positioned to allow limited proximal travel of the
delivery member and prosthesis relative to the control
member when in the delivery position with the pros-
thesis so contained, and to engage the proximal end of
the prosthesis responsive to said limited proximal travel
and thereby prevent further proximal travel of the
prosthesis relative to the control member.

12. The device of claim 11 wherein:

the linking structure has an axial dimension along a
portion thereof disposed between the thrust feature and
the control feature when the prosthesis is so contained,
and an axial spacing between the thrust feature and the
control feature is selected to determine a range, for
axial travel of the prosthesis relative to the control
member, of 3.3 to 6.7 times said axial dimension.

13. The device of claim 12 wherein:

said range for axial travel is at least about 0.7 mm and at
most about 1.7 mm.
14. The device of claim 1 wherein:

the linking structure defines at least one linking aperture,
and the control feature is disposed to extend into the
linking aperture.

15. The device of claim 14 wherein:

the linking structure defines a plurality of linking aper-
tures near the proximal end of the prosthesis;

the control feature comprises a plurality of the control
features, each adapted to extend into a different one of
the linking apertures.

16. The device of claim 14 wherein:

the control feature extends through the linking aperture, to
a location radially outwardly of the linking structure.
17. The device of claim 5 wherein:

the control features comprise hooks.
18. The device of claim 5 wherein:

the control features comprise pins.
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19. The device of claim 5 wherein:

the control features comprise elongate axially extended
fins.
20. The device of claim 5 wherein:

the control features have radially outward ends cooper-
ating to define a control feature outer diameter less than
an inside diameter of the distal wall segment.

21. The device of claim 20 wherein:

a radial spacing between the radially outward ends of the
control features and the distal wall segment of the
delivery member is less than half of a radial thickness
dimension of the prosthesis.

22. The device of claim 1 wherein:

a radial self-expansion of the prosthesis upon its release
from the delivery member carries the linking structure
radially outward beyond the control feature, thus to
disengage the prosthesis from the control member.

23. The device of claim 1 wherein:

the linking structure comprises an elongate linking strand
formed into a loop to provide a linking aperture.
24. The device of claim 23 wherein:

the control feature comprises a first component contained
within the loop, and a second component disposed
outside of the loop, spaced apart from the first compo-
nent, and cooperating with the first component to form
a first recess to releasably contain a first segment of said
linking strand.

25. The device of claim 24 wherein:

said control feature further includes a third component
disposed outside the loop on a side of the loop opposite
the second component, and spaced apart from the first
component to define a second recess for releasably
containing a second segment of said strand.

26. The device of claim 25 wherein:

said first and second recesses extend substantially in the
axial direction.
27. The device of claim 23 wherein:

the linking structure comprises a plurality of loops, and
the control feature comprises a plurality of the control
features, wherein each of the control features is asso-
ciated with a different one of the loops.

28. The device of claim 23 wherein:

the prosthesis is an open frame tubular structure formed of
a plurality of elongate strands, including said linking
strand.

29. A prosthesis delivery and deployment device, includ-

ing:

an elongate prosthesis delivery member having a distal
wall segment adapted to contain a radially self-expand-
ing prosthesis in a reduced-radius delivery state against
an internal restoring force;

an elongate control member mounted for axial travel
relative to the delivery member, toward and away from
a delivery position in which a distal end region of the
control member extends along the distal wall segment
of the delivery member; and

a prosthesis anchor mounted to the distal end region and
comprising at least one elongate axially directed con-

May 11, 2006

trol feature extending radially outwardly from the con-
trol member and thereby positioned to effect a releas-
able engagement with a proximal-end linking structure
of a radially self-expanding prosthesis when in the
delivery position and with the prosthesis so contained;

wherein the anchor, when in said engagement with the
linking structure, is operable to anchor the prosthesis
against distal travel relative to the control member.
30. The device of claim 29 further including;

a self-expanding prosthesis including a proximally dis-
posed linking structure and contained by said distal
wall segment in the reduced-radius delivery state.

31. The device of claim 30 further including:

a thrust feature mounted to the control member proxi-
mally of the anchor and operable, through proximal
travel of the delivery member relative to the control
member with the prosthesis so contained, to establish
surface contact with the linking structure to anchor the
prosthesis against further proximal movement relative
to the control member.

32. The device of claim 31 wherein:

the linking structure has an axial dimension along a
portion thereof disposed between the control feature
and the thrust feature when the prosthesis is so con-
tained; and

an axial spacing between the control feature and the thrust
feature is selected to determine a range, for axial travel
of the prosthesis relative to the control member, of 3.3
to 6.7 times the axial dimension.

33. The device of claim 32 wherein:

said range is at least about 0.7 mm and at most about 1.7
mm.
34. The device of claim 30 wherein:

the linking structure includes an elongate linking strand
formed into an elongate axially directed loop, and the
control feature when so positioned extends into the
loop.

35. The device of claim 34 wherein:

the anchor includes an anchoring body with a recess
directed inwardly from an outside surface of the
anchoring body and adapted to receive the loop, and the
control feature is disposed in the recess and extends
radially outward through the loop when the loop is in
the recess; and

said recess includes first and a second recess segments on
opposite sides of the control feature.
36. The device of claim 35 wherein:

the elongate linking strand includes opposed, substan-
tially axially directed parallel first and second loop
segments, and the first and second recess segments
extend axially to contain the first and second loop
segments, respectively.

37. The device of claim 35 wherein:

an inside diameter of the distal wall segment is larger than
an outside diameter of the anchoring body, by an
amount less than a radial thickness dimension of the
loop.
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38. The device of claim 37 wherein:

said recess is directed inwardly a distance greater than
said radial thickness dimension of the loop.
39. The device of claim 29 wherein:

the anchor comprises a plurality of the elongate radially
directed control features positioned to effect said
releasable engagement with the linking structure.

40. The device of claim 39 wherein:

the proximal-end linking structure comprises a plurality
of elongate axially directed loops, each associated with
a different one of the control features.

41. The device of claim 29 wherein:

the distal end region is surrounded by the prosthesis when
in said delivery position.
42. The device of claim 29 wherein:

the delivery member comprises an elongate outer catheter
having a lumen running substantially the entire length
of the outer catheter.

43. The device of claim 42 wherein:

the control member comprises an elongate inner catheter
disposed in said lumen, with a proximal region of the
inner catheter extending proximally beyond a proximal
end of the outer catheter to facilitate use of the proximal
region to control a position of the distal region relative
to the outer catheter.

44. The device of claim 29 wherein:

the anchor includes a cylindrical anchoring body with a
centrally located axial opening therethrough adapted to
receive the control member and facilitate a mounting of
the anchor in surrounding relation to the control mem-
ber.

45. The device of claim 30 wherein:

the proximal-end linking structure comprises a plurality
of elongate axially directed loops angularly spaced
apart from one another about the prosthesis; and

said anchor comprises a plurality of the elongate axially
directed control features angularly spaced apart from
one another about the control member, and each of the
control features is positioned to releasably engage a
different one of the loops.

46. The device of claim 45 wherein:

the number of control features equals the number of loops.
47. The device of claim 45 wherein:

the number of loops is an integral multiple of the number
of control features.
48. A prosthesis anchoring device adapted for fixation to

a prosthesis deployment member, the anchoring device
including:

a generally cylindrical anchoring sleeve having a central
opening extending axially therethrough to facilitate a
slideable installation of the anchoring sleeve onto an
elongate prosthesis deployment member for fixation
along a distal end region of the deployment member;
and

a control feature extended radially outwardly from the
anchoring sleeve and adapted to extend radially into a
proximal-end linking structure of a radially self-ex-
panding prosthesis when the prosthesis is maintained in
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a reduced-radius state against an internal restoring
force and selectively axially aligned with said distal
end region;

whereby the control feature, with the anchoring sleeve
fixed to a deployment member and when so extending
into a proximal-end linking structure of a radially
self-expanding prosthesis so maintained and aligned, is
adapted to engage the linking structure to prevent any
substantial distal movement of the prosthesis relative to
the deployment member.

49. The device of claim 48 wherein:

the control feature is elongate, directed axially, and
adapted to extend into a proximal-end linking structure
in the form of an elongate, axially extended loop.

50. The device of claim 49 wherein:

the control feature, when surrounded by the loop, prevents
any substantial axial movement of the loop relative to
the anchoring body.

51. The device of claim 48 wherein:

the anchoring sleeve and the control feature are formed as
a unitary member.

52. The device of claim 48 including:

a plurality of the control features angularly spaced apart
from one another about the anchoring body.
53. The device of claim 48 wherein:

the anchoring body includes a recess containing the
control feature, adapted to receive a prosthesis proxi-
mal-end linking structure, and having a depth in the
radial direction larger than a radial thickness of the
linking structure.

54. The device of claim 53 wherein:

the recess includes first and second recess segments
disposed on opposite sides of the control feature for
containing opposite sides of a prosthesis proximal-end
linking structure in the form of a loop disposed in the
recess.
55. A process for loading a radially self-expanding pros-
thesis for subsequent deployment in a body lumen, includ-
ing:

positioning a radially self-expanding prosthesis along and
in surrounding relation to a distal end region of an
elongate prosthesis control member with a proximal
end linking structure of the prosthesis disposed near
axially spaced apart first and second features that
extend radially outwardly from the control member;

with the prosthesis so positioned, radially contracting the
prosthesis to a reduced-radius delivery state against an
internal elastic restoring force to move the linking
structure into a delivery position between the first and
second features whereby the first and second features
cooperate to limit axial travel of the prosthesis relative
to the control member to a predetermined range so long
as the prosthesis is maintained in the delivery state; and

selecting an axial dimension of the linking structure with
respect to an axial spacing between the first and second
features whereby the predetermined range is at least
twice the axial dimension of the linking structure.
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56. The process of claim 55 wherein: prosthesis to contain the prosthesis in the delivery state

radially contracting the prosthesis comprises progres- within a lumen of the delivery member.

sively advancing a prosthesis delivery member over the * ok k& ok



